Objective. The aim of our study was to develop, on the basis of simple clinical data, predictive short-term risk equations for AIDS or death in Asian patients infected with human immunodeficiency virus (HIV) who were included in the TREAT Asia HIV Observational Database.
as the mode of HIV acquisition [2] [3] [4] [5] [6] [7] [8] . Risk equations have been developed predominantly for white populations in developed countries; their validity when extrapolated to other populations in developing countries is uncertain. Furthermore, the equations rely on diagnostic tests that are routinely used in developed countries but that are not widely available in resource-limited settings; thus, the application of these equations in developing countries may be problematic. For example, the recent model developed by Mocroft et al. [2] requires multiple CD4 cell count measurements for a CD4 cell count slope to be calculated; however, measurement of CD4 cell count may not be feasible in resource-limited settings.
There have been some efforts to develop simple predictive risk equations for use in resource-limited settings. The Antiretroviral Treatment (ART) in Lower Income Countries (ART-LINC) Collaboration developed a risk equation for AIDS or death for patients who initiated HAART [9] [10] [11] . A short-term risk equation for patients receiving or not receiving ART was developed on the basis of limited follow-up data on Asian populations from the Therapeutics Research, Education, and AIDS Training in Asia HIV Observational Database (TAHOD) [7] . The purpose of this analysis was to develop short-term predictive risk equations for AIDS or death in Asian populations receiving ART with use of simple clinical data that would routinely be available in resource-limited settings.
PATIENTS AND METHODS
Analyses were based on data from patients enrolled in TAHOD. TAHOD is a collaborative observational cohort study involving 17 sites in the Asia-Pacific region. Detailed methods are published elsewhere [12] . In brief, each site recruited 200 patients, including both patients initiating HAART and patients not initiating HAART. Recruitment was based on a consecutive series of patients who regularly attended a given site beginning at a particular time. Ethical approval for the study was obtained from the University of New South Wales Ethics Committee and other local ethics committees.
Data collected in TAHOD included (1) demographic characteristics, (2) stage of disease (CD4 and CD8 cell counts, HIV RNA test date and result, AIDS-defining illness [defined according to the 1993 Center for Disease Control and Prevention revision of the AIDS case definition] [13] , and date and cause of death), and (3) treatment. All data were entirely observational; tests or interventions were performed according to clinical guidelines at each clinical site. Data were combined through standardized formats in Microsoft Excel and were transferred electronically (compressed with password protection) to the National Centre in HIV Epidemiology and Clinical Research (Sydney, Australia) for central aggregation and analysis. [12, [14] [15] [16] [17] .
Analyses were based on data collected in the March 2007 data transfer. In Asia, particularly in low-income countries, standard monitoring tests, such as those used for measurement of CD4 cell count and HIV load, are not always routinely available. Therefore, in this study, we aimed to build 3 models to predict short-term disease progression, defined as a new AIDS-defining illness or death. The 3 models were (1) a clinical model (in which only clinical data were used), (2) a CD4 cell count model (in which clinical data and CD4 cell counts were used), and (3) a CD4 cell count and HIV RNA level model (in which clinical data, CD4 cell counts, and viral loads were used). There were 3 inclusion criteria for TAHOD patients in these analyses. First, patients were included after they initiated HAART (treatment with у3 antiretroviral agents) and were only included if they had demographic data, BMI, hemoglobin levels, and alanine aminotransferase (ALT) levels available in TAHOD for the clinical model. Second, patients were included in the CD4 cell count model if they had all variables from the clinical model plus CD4 cell count measurements. Finally, patients included in the CD4 cell count and HIV RNA level model had all variables from the CD4 cell count model available in addition to viral load measurements. For example, if a patient initiated HAART on 15 June 2006 but had complete laboratory results for the clinical model on 15 December 2006, the first day of follow-up for this patient in the analysis would be 15 December 2006, and the characteristics at that time would be included in the analyses.
Poisson regression was used to determine factors associated with the short-term risk of clinical progression. The follow-up period began on the date of initiation of HAART (baseline) and ended at the time of first diagnosis of new AIDS, at the time of death from any cause, or at the last follow-up visit for patients who did not experience clinical progression. Patient follow-up was left-censored until the patient had all prognostic variables available. Explanatory variables were first included in univariate analyses. Baseline variables included sex, HIV exposure group, details of prior ART, date of HAART initiation, and AIDS diagnosis before HAART. Age, CD4 cell count, viral load, hemoglobin level, BMI, and whether or not patients were currently receiving any ART were all modeled as time-updated values, which meant that they were used to describe the risk of new AIDS or death over the short term. Continuous variables, such as CD4 cell count or age, were categorized a priori with use of commonly used cutoff values to ensure roughly equal numbers of events within each category and to allow calculation of event rates. Mild anemia was defined as a hemoglobin level of 80-120 g/L for male individuals and 80-140 g/L for female individuals. Severe anemia was defined as a hemoglobin level !80 g/L for both sexes. The ALT level was considered to be normal when it was !5 times the upper limit of normal and abnormal when it was у5 times the upper limit of normal. Variables with a P value !.1 in univariate analyses were considered in multivariate models; categories were combined when appropriate, and a backwards stepwise procedure was used to remove variables that were not statistically significant-defined as -in this model.
We calculated risk scores for each patient with use of coefficients from Poisson regression results. Risk scores were then categorized into 3 groups (low, medium, and high) with use of cutoffs that gave roughly equal numbers of events in each class. The ability of the model to discriminate patient risk was assessed by calculating the observed incidence rate of AIDS or death within each risk score class. Statistical analyses were performed using Stata software, version 10 (StataCorp). 
RESULTS

Patient characteristics.
Of 3516 patients in TAHOD, 1679, 1663, and 1231 were eligible for inclusion in the clinical, CD4 cell count, and CD4 cell count and HIV RNA level models, respectively. Characteristics of the patients included in these 3 models are described in table 1. More than 80% of patients were aged у30 years in all 3 models. The majority of patients were men, and most patients had acquired HIV infection through heterosexual contact. Some degree of anemia had been experienced by ∼50% of the patients at baseline (table 1) .
In the clinical model, the median time at risk of disease progression or death was 1.7 years (range, !1 year to 4.20 years).
There were 122 events, 87 (71.3%) of which were cases of new AIDS-defining illness and 35 (28.7%) of which were deaths. The incidence rate was 3.8 events per 100 person-years of follow-up (95% CI, 3.2-4.5 events per 100 person-years). In the CD4 cell count model, the median time at risk was 1.7 years (range, 0.003-4.20 years). There were 118 events, 84 (71.2%) of which were cases of new AIDS-defining illness and 34 (28.8%) of which were deaths. The incidence rate was 3.7 events per 100 person-years (95% CI, 3.1-4.4 events per 100 personyears). In the CD4 cell count and HIV RNA level model, the median time at risk was 2.0 years (range, 0.003-4.10 years). There were 57 events, 38 (66.7%) of which were cases of new AIDS-defining illness and 19 (33.3%) of which were deaths. The incidence rate was 2.2 events per 100 person-years (95% CI, 1.7-2.9 events per 100 person-years). Furthermore, patients received treatment for ∼97% of the follow-up period, and 93% of the events in all 3 models occurred while patients were receiving ART.
Predictive factors. Tables 2-4 show the significant univariate and multivariate incidence rate ratios (IRRs) of new AIDS and death, stratified by the 3 models. The TAHOD risk score was derived using the logarithm of the IRRs shown in tables 2-4. The predictive factors for each model are detailed in the following paragraphs.
Clinical model. Table 2 shows factors related to new AIDS or death in the clinical model. In the univariate analyses, factors related to AIDS and death were younger age ( ), injec-P ! .001 tion drug use as the mode of HIV transmission ( ), P p .010 CD4 cell count model. Table 3 shows factors related to new AIDS-defining illness or death in the CD4 cell count model. In univariate analyses, low CD4 cell count, in addition to the factors identified in the clinical model, was associated with AIDS or death.
Older age, higher BMI, and no anemia were all found to be associated with lower event rates in the model. Low CD4 cell count also predicted AIDS or death. The IRR among patients with a CD4 cell count of 201-350 cells/mL was 1 Risk score and risk group. On the basis of the multivariate results from each model, we then classified the patients into 3 risk score classes: low, medium, and high. All 3 classes were defined using cutoff values that gave an equal number of events in each class. The observed incidence rates of AIDS and death in each risk score class for all 3 models are summarized in figure 1 . For all 3 models, although the high-risk score class had higher observed rates of AIDS and death, the low-risk and medium-risk score classes did not discriminate patient risk well. This relative poor discrimination, combined with the com- Figure 2 . Incidence of new AIDS or death, by patient risk factor group plexity in calculating the risk score for a given patient, prompted the development of a much simpler risk classification based solely on patients having key risk factors. For example, in the clinical model, consideration of table 2 indicates that the highest incidence rates and rate ratios for AIDS and death were among patients with a BMI р18 and severe anemia. Moderately increased rate ratios were observed among patients aged !40 years, male patients, and those with mild anemia.
On the basis of these observations, we developed low-risk, high-risk, and very high-risk groups for each model. These groups were based on patients simply having certain prognostic factors. These predictive factor risk groups are summarized in table 5.
We then calculated incidence rates of AIDS or death in each patient factor risk group in each model (figure 2). The incidences in the clinical model were 1.3%, 4.9%, and 15.6% in the low-risk, high-risk, and very high-risk groups, respectively. The respective incidence rates of AIDS or death in the CD4 cell count model were 0.9%, 2.7%, and 16.02%, and such incidence rates in the CD4 cell count and HIV RNA level model were 0.8%, 1.8%, and 6.2% (figure 2). In all 3 models, these patient factor risk groups appeared to discriminate well, particularly for a small group of patients with very high shortterm risk of AIDS or death. Figure 3 shows the incidence rates of AIDS or death in each risk group in each model up to 12 months. Across all 3 models, event rates were very high during the first 3 months.
DISCUSSION
In our study, we developed predictive risk equations for application to Asian populations. We developed equations for 3 models on the basis of increasingly expensive routine monitoring, so that a predictive risk equation would be available for clinical use in all settings. Although the full risk scores did, to some extent, discriminate patients at high risk, they did not discriminate patients at low and moderate risk very well. In addition, the scores would be difficult to calculate in busy clinical settings. Therefore, we developed simple patient risk factor groups that were easy to calculate and that appeared to identify patients at very high short-term risk of AIDS or death.
Severe anemia and very low BMI were common predictive factors of high risk in all 3 models, even those that included CD4 cell count and HIV load testing. These factors have previously been found to be predictive in both developed [3, [18] [19] [20] [21] [22] and developing [16, 23, 24] countries. Younger age and male sex were found to be associated with high short-term risk of AIDS or death in our analyses. Other studies have found that older age is associated with increased risk of AIDS, particularly in untreated HIV-infected populations [25, 26] . Our finding would likely reflect increased adherence to HAART in older patients and in female patients [27, 28] . There is some evidence to support this in our data; 46 (62%) of 74 injection drug users were male patients aged !40 years [29] . We also found in all 3 models that patients were at highest risk during the 3 months immediately after assessment; this was particularly true for patients identified to be at very high risk. This may reflect cohort effects: patients at high risk experience clinical failure early, and patients at lower risk remain in follow-up [30] . However, it does emphasize that our patient risk factor groups identify patients at very high short-term risk of AIDS or death and the need for clinicians to intervene quickly if feasible.
Our analyses have a number of limitations. First, they are based on data that are entirely observational, and the study did not have a fixed visit structure or mandated clinical or laboratory assessments. Thus, analyses had to be based on those patients who had assessments made according to local site criteria, and this may have introduced some biases in our analyses. Our data might be under-representative of patients at high short-term risk of developing AIDS or death. However, the prognostic factors should still be the same across the groups, because our results show prognostic factors similar to those in other studies [3, [18] [19] [20] [21] [22] . Second, the relatively limited number of available clinical events prevented models from being developed on a training dataset and then validated on a separate independent dataset. It is well known that fitting and validating models on a single dataset can lead to over-optimistic estimates of predictive value [31, 32] . Furthermore, the heuristic way in which our patient risk factor groups were developed prevented validation using formal bootstrap approaches. The regression results naturally divided the patients into the 3 groups [33] . The regression coefficients divided in those that had an ex-tremely high risk, leading to the very high risk group, and then those with a statistically significantly elevated risk (but to a lesser degree), leading to the high risk group. The low risk group comprised patients with none of the risk factors. Our patient risk factor group models do have some face validity, in that the factors identified, particularly in patients at very high short-term risk, are those that have been seen in other studies. However, our models need testing and validating in independent datasets. Third, our analyses of more-complex models, particularly those that include HIV load, are more limited with regard to patients that could be included. It is notable that the patient risk factor groups in the CD4 cell count and HIV RNA level model had lower absolute risks than did the groups in the other models. We believe that this reflects the slightly different patient subgroups that were included in this analysis. These patients could possibly live in Asian countries with moredeveloped economies that presumably have more ART options (and other clinical treatments) available, leading to overall lower absolute risk of AIDS and death. In addition, these patients may have a higher rate of undetectable viral load than do untreated patients, and a significant proportion of patients who had detectable viral loads might have partial viral suppression, with a reduced rate of disease progression.
There is some strength to our analyses. First, we used the only risk equations developed in and for application to Asian populations in developing countries. Second, our patient risk factor group models are very simple to apply. Patients at very high short-term risk of AIDS progression or death were simply identified using a limited number of laboratory tests and patient demographic factors; thus, these methods are feasible for use in even the busiest clinics. This contrasts with other risk equations, which often require complex calculations and moreexpensive laboratory markers.
In this analysis, we developed simple patient risk factor groups that were developed in and for application to Asia populations that identify patients at high short-term risk of AIDS or death. The models are simple enough to allow widespread use in busy clinics, with different models developed for different resource settings. These models should allow clinicians to identify patients at highest short-term risk of AIDS or death and to possibly provide early intervention. 
